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A coal  g a s i f i c a t i o n  p i l o t  p l a n t  using a f ixed-bed s lagg ing  g a s i f i e r  i s  being 
operated a t  t he  Grand Forks Energy Research Center o f  t h e  U.S .  Department o f  
Energy. The g a s i f i e r  has a nominal maximum coal  feed r a t e  o f  1 ton/hour and 
operates a t  pressures t o  400 ps ig .  
Western l i g n i t e  and subbituminous coals;  p l a n t  mod i f i ca t i ons  a re  underway t o  
extend opera t ing  c a p a b i l i t y  t o  Eastern caking coals.  

GFERC was a p a r t  o f  t h e  U.S .  Bureau o f  Mines. 
through 1965, t o  determine o p e r a b i l i t y  and maximum capac i ty .  
cons t ruc t i on  o f  t he  g a s i f i e r  and t e s t  r e s u l t s  obta ined du r ing  the  1958-65 pe r iod  
have been repor ted  (1). Operat ion o f  t he  p i l o t  p l a n t  was resumed i n  1976, and 
these l a t e r  r e s u l t s  have been repo r ted  by Ellman and co-workers (2 ) .  

A c ross-sec t iona l  v iew o f  t h e  g a s i f i e r  i s  shown i n  F igu re  1. The reac to r  
chamber i s  about 16-1/2 inches  i n  diameter and has a maximum f u e l  bed depth of 
approximately 15 f e e t .  
g r a v i t y  from the  coa l  l o c k  i n t o  the  g a s i f i e r  sha f t .  As t h e  coa l  descends, d ry ing  
and d e v o l a t i l i z a t i o n  i s  accomplished by t h e  countercurrent  f l o w  o f  ho t  gases from 
the  g a s i f i c a t i o n  reac t i ons  i n  t h e  lower sec t i on  o f  t h e  g a s i f i e r .  Gas i f i ca t i on  
occurs a t  temperatures o f  2800-3100" F and i s  sustained by  an oxygen-steam mix- 
t u r e  i n j e c t e d  through f o u r  tuyeres a t  the  bottom o f  t h e  f u e l  bed. Dur ing t h e  
g a s i f i c a t i o n  r e a c t i o n  t h e  coa l  i s  completely consumed, l e a v i n g  on ly  t h e  molten 
ash. The molten ash ( s lag )  d ra ins  cont inuously  through a tapho le  i n t o  a water 
quench bath. 

p rev ious  pub l i ca t i on  (3) has shown t h a t  a s lagg ing  f ixed-bed g a s i f i e r  cou ld  be 
thought t o  cons is t  o f  f o u r  r e a c t i o n  zones a t  steady s t a t e  operat ion,  as shown i n  
F igure  2. 
l o c a t i o n s  and r e l a t i v e  l eng ths  o f  t h e  i nd i ca ted  zones w i l l  va ry  and ove r lap  
depending on the  opera t i ng  cond i t i ons  and t h e  c h a r a c t e r i s t i c s  o f  t he  coal be ing  
g a s i f i e d .  

I n  the  d ry ing  zone t h e  incoming coal i s  heated by t h e  ascending gases t o  
the  temperature a t  which t h e  mois ture i n  the  coal  i s  vaporized. A f t e r  be ing  
dr ied ,  t he  coal descends through the  d e v o l a t i l i z a t i o n  zone where the  t a r s  and 
o i l s  a r e  vapor ized and some product  gas i s  formed. 

Coal + Heat = Char + O i l s  + Tars + H2 + CO + C02 + Gaseous Hydrocarbons + H20 

ind i ca tes  the  changes t a k i n g  p lace  i n  t h i s  zone. The d e v o l a t i l i z e d  coal  (char )  
then en ters  a zone i n  which l i t t l e  carbon i s  consumed bu t  some gas reac t i ons  
take  place; t h i s  has been termed (3 )  t h e  quasiquiescent zone. 
coal  en ters  t h e  gas i f icat ion/combust ion zone. 

l/ Act ing  Supervisor, A n a l y t i c a l  Services.  
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Current g a s i f i c a t i o n  s tud ies  have focused on 

The slagging g a s i f i c a t i o n  p i l o t  p l a n t  was i n s t a l l e d  du r ing  1958-59, when 
The o r i g i n a l  program was conducted 

D e t a i l s  o f  t h e  

The t e s t  coal (nomina l l y  s ized  3/4 x 1 /4  i nch )  f lows by 

As the  coal  descends through the  g a s i f i e r ,  var ious  reac t i ons  occur.  A 

This f i g u r e  i s  an  i d e a l i z e d  example, s ince  i n  ac tua l  p r a c t i c e  t h e  

S im i la r  conceptual  schemes have been g iven f6r o the r  g a s i f i e r s  (4,5). 

The r e a c t i o n  

F i n a l l y ,  t h e  
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One o f  t h e  major components o f  t h e  c u r r e n t  GFERC g a s i f i c a t i o n  p i l o t  p l a n t  
program i s  the  sampling, ana lys is ,  and cha rac te r i za t i on  o f  e f f l u e n t s  produced 
du r ing  the  g a s i f i c a t i o n  process. 
extens ive d e t a i l  i n  a recen t  p u b l i c a t i o n  by Paulson and co-workers (6),  which 
descr ibes sampling and a n a l y t i c a l  methods, and sumnarizes r e s u l t s  on  e f f l u e n t  
composition. One aspect o f  t h i s  study i s  t h e  development o f  mathematical and 
conceptual r e l a t i o n s h i p s  between the  e f f l u e n t  c h a r a c t e r i s t i c s  and t h e  g a s i f i e r  
opera t ing  cond i t ions  and coa l  type. 

of organics i n  t h e  d e v o l a t i l i z a t i o n  zone can be shown t o  be very s i m i l a r  t o  a 
high-pressure, low-temperature ca rbon iza t i on  process. The s i m i l a r i t y  i s  impor tan t  
s ince  i t  i s  then poss ib le  t o  draw on t h e  extens ive l i t e r a t u r e  o f  coa l  carboniza- 
t i o n  t o  help i n t e r p r e t  and understand t h e  f a c t o r s  governing t h e  p roduc t i on  o f  t a r  
and v o l a t i l e s  i n  t h e  GFERC g a s i f i e r .  

The product gas from t h e  GFERC g a s i f i e r  con ta ins  small q u a n t i t i e s  o f  C2-4 
hydrocarbons; these gases t y p i c a l l y  being l e s s  than 1 p c t  (by volume) of t h e  
t o t a l .  Ana ly t i ca l  methods and product ion i n fo rma t ion  have been discussed pre-  
v i o u s l y  by Olson and Schobert (7 ) .  
process i s  considered t o  be due t o  thermal cleavage o f  t he  pe r iphe ra l  a l i p h a t i c  
and a1 i c y c l  i c  p o r t i o n s  o f  t h e  coal  "molecule." The r e l a t i v e  p ropor t i ons  o f  t h e  
C2-4 hydrocarbons i n  t h e  GFERC product gas i s  compared i n  Table 1 t o  gas from 
carbonizat ion.  The da ta  f rom t h e  t h r e e  sources has been normal ized t o  a bas is  o f  
C2Hg = 1. The GFERC data  represent  average values from two 200 p s i  p i l o t  p l a n t  
t e s t s  us ing  Baukol-Noonan l i g n i t e .  
t he  r e l a t i v e  q u a n t i t i e s  o f  t h e  gases produced. 

The GFERC e f f l u e n t  program has been t r e a t e d  i n  

From a cons ide ra t i on  o f  t h e  gas and coa l  t a r  cha rac te r i s t i cs ,  t h e  product ion 

Formation o f  these gases du r ing  a ca rbon iza t i on  

Except f o r  ethylene, good agreements e x i s t  f o r  

Source 
Gas component GFERC Reference (8) Reference ( 9 )  

Ethane. ................... 1.00 
Propane .................. 0.18 
Butane................... 0.02 
Ethylene ................. 0.74 
Propylene ................ 0.30 
Butylene ................. 0.00 

1 .oo 
0.23 
0.00 
0.43 
0.23 
0.07 

1 .oo 
0.35 
0.10 
0.24 
0.23 
0.03 

Tota l  a1 kene product ion decreases w i t h  inc reas ing  pressure, as suggested (9)  
f o r  h igh  pressure ca rbon iza t i on  processes. 
200, and 400 p s i  w i t h  Ind ian  Head l i g n i t e  show alkenes ( the  sum o f  ethylene, 
propylene, and bu ty lene)  decreasing from 0.26 0.01 p c t  a t  125 p s i  t o  0.23 5 0.02 
p c t  a t  200 p s i  and then t o  0.16 TO.03 p c t  a t  400 p s i .  

c l a s s i f y i n g  coa l  t a r s .  
r e l a t i o n s h i p  

Data f rom p i l o t  p l a n t  t e s t s  a t  125, 

The aromat izat ion index has been proposed (10) as a convenient method f o r  
The aromat izat ion index, N, i s  ca l cu la ted  f rom t h e  

N = Cw/3 Hw 

cw and Hy a re  t h e  weight  percent  o f  carbon and hydrogen i n  the  t a r .  
a re  obtained bo th  f rom an end-of-run composite sample and from s i d e  stream samplers 
descr ibed i n  previous p u b l i c a t i o n s  (2,6). Analyses were done us ing  t h e  c l a s s i c  
combustion t r a i n  method o r  a Coleman model 33 carbon-hydrogen ana lyzer .  Data f rom 
17 p i l o t  p l a n t  t e s t s  were used t o  c a l c u l a t e  average values o f  N f o r  12 se ts  o f  
opera t ing  cond i t ions .  

Tar samples 
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Pressure Oxygen r a t e  02/Steam 
Coal Rank p s i  sc fh  r a t i o  N 

Baukol-Noonan 
Do......... 
00 ......... 
Do......... 
00 ......... 
00. ........ 
Do... ...... 
00. ........ 

Ind ian  Head 

Kemmerer 
Rosebud 
00 ......... 

L i g n i t e  .. do...... .. do...... 
L i g n i t e  
.. do...... 
.. do...... .. do...... .. do...... . .do.. .... 

Subbituminous 
Subbituminous 

..do.. .... 

200 
200 
400 
100 
125 
200 
200 
400 
400 
200 
200 
200 

4,000 1 .o 3.20 
5,000 1 .o 3.25 
4,000 1 .o 3.27 
4,000 1 .o 3.83 
4,000 1 .o 4.18 
4,000 0.9 3.16 
4,000 1 .o 3.13 
4,000 1 .o 3.26 
6,000 1 .o 3.25 
4,000 1 .o 2.97 
4,000 1.1 3.18 
5,000 1.1 3.19 

Nine o f  t h e  12 values a re  between 3.13-3.27 and a t e n t h  i s  2.97. 
reasonably w e l l  w i t h  a va lue of 3.05 suggested by Ju rk iew icz  e t  a1 (11) f o r  low 
temperature carbon iza t ion  t a r  from European brown coa ls .  

Inc reas ing  pressure has been shown (9) t o  decrease the  concentrat ion o f  
phenol and increase t h e  concen t ra t i on  o f  h igh  molecular  weight aromat ics i n  car -  
bon iza t i on  ta r .  
For two p i l o t  p l a n t  t e s t s  a t  200 p s i  t he  average phenol con ten t  o f  t h e  t a r  was 
18.4 pct ;  f o r  two o the r  t e s t s  i n  which on ly  the  pressure was changed -- t o  400 
p s i  -- t h e  phenol content  averaged 13.0 pc t .  The l i g n i t e  g a s i f i e d  i n  these t e s t s  
was I n d i a n  Head. 

The e f f e c t  o f  pressure o n  t h e  fo rmat ion  o f  h igher  molecular  weight compounds 
i n  t h e  t a r  was evaluated f o r  f i v e  compounds: f luorene,  phenanthrene, pyrene, 
chrysene, and benzopyrene. 
o f  pressure on phenol concentrat ion was a l s o  used f o r  t h i s  comDarison. 
a r e  summarized as fo l l ows :  

Th is  agrees 

Coal t a r  composi t ion i s  determined a t  GFERC by mass spectrometry.  

The same p i l o t  p l a n t  da ta  used t o  determine t h e  e f f e c t  
Resu l ts  

Tar component 
G a s i f i c a t i o n  pressure,  p c t  
200 p s i  400 p s i  

F1 uorene.. ........ 3.4 4.0 
Phenanthrene.. .... 3.0 4.6 
Pyrene ............ 2.0 2.8 
C hry sene. ......... 2.1 2.1 
Benzopyrene ....... 2.4 2.2 

The q u a n t i t i e s  o f  t h r e e  o f  t h e  f i v e  compounds agree w e l l  w i t h  t h e  h i g h  pressure 
carbonizat ion model (9),  i n  t h a t  t h e  amount o f  these compounds increased w i t h  
i nc reas ing  pressure. 

Inc reas ing  res idence t i m e  i n  t h e  reac to r  should decrease t h e  y i e l d  o f  t a r  
(9). Two mechanisms a r e  a v a i l a b l e  f o r  changing residence t ime i n  t h e  GFERC gasi  
A t  constant  pressure, an inc rease i n  the  oxygen-steam feed r a t e  w i l l  decrease 
residence time; a t  i d e n t i c a l  oxygen-steam ra tes ,  i nc reas ing  operat ing pressure 
w i l l  increase residence t ime.  Prev ious ly  publ ished GFERC data  (6) show t h a t  a t  
400 ps i ,  t a r  p roduc t ion  a t  a 6,000 sc fh  oxygen r a t e  i s  71.9 l b / t o n  maf l i g n i t e .  
Tar p roduc t ion  drops t o  55.5 l b / t o n  maf l i s n i t e  a t  an oxygen feed r a t e  o f  4,000 
scfh. A t  an oxygen r a t e  o f  4,000 scfh,  t a r  product ion,  >;creases 92.4 l b / t o n  ma 
l i g n i t e  i n  100 p s i  t e s t s  t o  70.1 a t  200 ps i  and t o  55.5 a t  400 ps i .  
were f rom tes ts  us ing  I n d i a n  Head l i g n i t e  a t  a 1.0 oxygen/steam mole r a t i o .  

These r e s u l t s  
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VanKrevelen and Schuyer (12) prov ide a d e t a i l e d  k i n e t i c  t reatment  o f  carboni -  
za t i on  processes. Production o f  char ( o r  d e v o l a t i l i z e d  l i g n i t e  i n  the  quasi- 
quiescent zone before gas i f icat ion/combust ion zone) can be determined f o r  t he  
s lagging g a s i f i e r  by sampling t h e  bed a f t e r  shutdown. 
have been discussed p rev ious l y  (3). Using data f r o m  a 200 p s i  run, a t  4000 sc fh  
oxygen r a t e  and 1.0 oxygen/steam mole r a t i o  w i t h  I n d i a n  Head l i g n i t e ,  t he  f i r s t -  
order  r a t e  constant f o r  char product ion was ca l cu la ted  t o  be 0.014 min-1. The 
amount o f  v o l a t i l e  ma te r ia l  produced was determined by summing t h e  gaseous hydro- 
carbon, t a r ,  and aqueous organic  ma te r ia l .  The f i r s t - o r d e r  r a t e  constant  ca lcu-  
l a t e d  f o r  v o l a t i l e  product ion f o r  the same run i s  0.011 min-1. 
o f  the two r a t e  constants suggests t h a t  t he  char and v o l a t i l e s  a re  indeed being 
produced i n  a r e a c t i o n  f o l l o w i n g  VanKrevelen's k i n e t i c  model o f  a ca rbon iza t i on  
process. 

The agreement o f  GFERC p i l o t  p l a n t  data on gas, t a r ,  char product ion w i t h  
carbonizat ion models shows t h a t  i t  i s  poss ib le  t o  regard the  d e v o l a t i l i z a t i o n  zone 
i n  the g a s i f i e r  as a reg ion  o f  t y p i c a l  coal  carbonizat ion reac t i ons .  As research 
continues a t  GFERC f u r t h e r  understanding o f  d e v o l a t i l i z a t i o n  i n  t h e  g a s i f i e r  can 
be der ived f r o m  carbonizat ion models. 

Char sampling and analys is  

The good agreement 
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